The aim of the study was to estimate the effect of the butyrophilin (BTN) and growth hormone receptor (GHR) gene polymorphisms on the breeding value of genotyped AI bulls for milk production traits. A total of 131 Holstein-Friesian bulls were analysed. The following allele frequencies have been found: 0.88 (L) and 0.12 (A) at the BTN locus, and 0.85 (S) and 0.15 (G) at the GHR locus. The effect of genotype on milk yield and composition was tested in the group of 101 AI proven bulls. Because the number of A/A and G/G animals was very low, the gene-trait association analysis was reduced to the comparison of two remaining genotypes at each locus. No significant association has been found. However, bulls with the L/L genotype at the BTN gene were characterized by a higher breeding value for milk fat content than animals with the L/A genotype (P≤0.1).
INTRODUCTION
Most economically important traits in cattle are quantitative in nature. The observed phenotypes result from the combined action of many genes and environmental factors. Although genes influencing these traits still remain unknown, a number of potential candidate genes have been selected.
The somatotropic axis, primarily consisting of the growth hormone (GH) and its receptor (GHR), contains the most promising candidates for milk production traits in cattle. It has been well established that GH stimulates the protein and energy metabolism (Breier, 1999) and is important for mammary growth and development (Sejrsen et al., 1999) . The exogenous somatotropin treatment dramatically increases milk yield in cows and other dairy ruminants (Bauman and Vernon, 1993) . This demonstrates the critical role of GH in the regulation of lactation processes. Because the first step in the biological action of the growth hormone is its binding to the specific cell surface receptor, GHR can be regarded as a candidate gene for milk related traits.
Butyrophilin (BTN) is another gene attracting attention, which may be involved in the milk secretion. Many characteristics suggest its possible role, especially in the secretion of milk lipids. Butyrophilin is a transmembrane glycoprotein, specifically expressed in the mammary epithelial cells during late pregnancy and lactation (Franke et al., 1981; Ogg et al., 1996; Aoki et al., 1997) . It is also the major protein component of the membrane surrounding fat droplets of milk (Mather et al., 1980) . The knock-out of the BTN gene in mice considerably disrupts milk lipid secretion (Ogg et al., 2000) . Additionally, butyrophilin is structurally related to proteins of the immune system, which may suggest its possible immunologic function (Vernet et al., 1993; Taylor et al., 1996b) .
The aim of the present study was to analyse the relationships between the polymorphism in the coding sequences of BTN and GHR, and the milk traits in cattle, based on the breeding values of genotyped AI bulls. The A → G point mutation in exon 8 resulting in Lys → Arg amino acid substitution (L and A alleles) (Taylor et al., 1996a) was analysed for the butyrophilin gene, whereas for the growth hormone receptor gene, it was the A → G mutation in exon 10 causing amino acid change from Ser to Gly (S and G alleles) (Ge et al., 2000) .
MATERIAL AND METHODS
The study included 131 Holstein-Friesian bulls. Among them, 101 were AI proven bulls with estimated on the national scale official breeding values (Żarnecki et al., 2001) for milk production traits (milk, fat and protein yields, fat and protein contents).
Genome DNA was isolated from blood leukocytes using the MasterPure DNA Purification Kit for Blood (Epicentre), or from semen as described Lucy et al. (1993) .
Primers for PCR amplification (MWG Biotech) were designed using the Primer3 program (http://www.genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi) on the basis of gene sequences available in the GenBank (accession numbers: BTN -Z93323, GHR -X70041): The genotype effect on breeding value (BV) for milk traits was estimated assuming the following univariate model (SAS, 1989) :
y ij -breeding value for production trait of ij th sire μ -overall mean g i -fixed effect of i th genotype e ij -random error connected with breeding value of ij th sire
RESULTS
The PCR reaction yielded a 780 bp long BTN gene fragment. Five HaeIII restriction sites were found in the L allele, at positions 162, 175, 185, 556 and 693. In A allele, an additional restriction site at position 218 was present (Figure 1 ). The 377 bp long PCR product of the GHR gene, digested with the AluI restriction enzyme, leads to three (59, 150 and 168 bp) and four (50, 59, 100 and 168 bp) bands in the G and S alleles, respectively (Figure 2) .
Among the 131 bulls examined, 101 L/L, 28 L/A and 2 A/A genotypes at the BTN locus were detected. This gives frequencies of 0.88 and 0.12 for L and A alleles, respectively. Very similar results were obtained for the GHR locus, with the following genotype and allele frequencies: S/S -0.73, S/G -0.24, G/G -0.03, S -0.85, G -0.15.
The genotype effects on BV were tested in the group of 101 AI proven bulls. Because of their very low number, animals with A/A (2 individuals) and G/G (2 individuals) genotypes were excluded from the calculations. Thus, the statistic analysis was reduced to the comparison of two genotypes for each locus. The obtained results are presented in Table 1 . No significant association has been found. Bulls with the L/L genotype at the BTN locus, however, were characterized by a higher breeding value for milk fat content than animals with the L/A genotype. 
DISCUSSION
The BTN allele frequencies estimated in the present study (0.88 and 0.12) were very similar to the 0.875 and 0.125 (Taylor et al., 1996a) and to the 0.85 and 0.15 (Husaini et al., 1999) previously reported for Holstein cattle. The high frequency of the L allele suggests that this variant might be favoured by the selection on milk performance. The physiological and biochemical studies also indicate the role of butyrophilin in the milk production. In particular, BTN is considered to be involved in the milk fat secretion.
In cattle, as in many other species, triglycerides synthesized in mammary epithelial cells are secreted to the milk fluid as lipid droplets surrounded by the apical plasma membrane by the "budding-off" process. It has been proposed that the budding of the droplets at the cell surface is initiated by interactions between proteins associated with the intracellular fat and the cytoplasmic C-terminal domain of butyrophilin, with the participation of other proteins (Mather and Keenan, 1998; Murphy and Vance, 1999) . The BTN polymorphism analysed in this study is located within the highly conserved region (known as B30.2 or rfp) of the C-domain that is probably involved in the protein-protein interactions (Jack and Mather, 1990; Ishii et al., 1995) . Thus, the Lys/Arg substitution may cause the changes in the binding affinity and, as the result of this, influence the fat secretion process.
BTN has been mapped on the bovine chromosome 23 (Taylor et al., 1996a) . Extensive studies on the identification of quantitative trait loci (QTLs) in cattle brought numerous reports indicating the presence of putative genes affecting milk production in the same genome region. Some of the detected QTLs influence milk fat yield and content (Ashwell et al., 1997; Zhang et al., 1998; Plante et al., 2001) . Butyrophilin is one of the possible causative genes for these traits, although other closely located loci, including MHC, should also be taken into consideration.
The structure and sequence of the bovine BTN gene is well known (Davey et al., 1997; Seyfert and Lüthen, 1998) . A number of polymorphic forms have been identified (Taylor et al., 1996a; Husaini et al., 1999; Zegeye et al., 1999) . However, their impact on production traits in cattle has not been examinated extensively. The analysis carried out in the present study consisted in the comparison of the breeding value of bulls carrying the LL and LA genotypes. No significant result has been found for any trait considered. However, due to very limited statistic analysis, the conclusion that the tested mutation does not influence the milk performance seems to be premature, the more as for one trait (fat percent in the milk) the difference was close to the significance level of P≤0.05. On the other hand, experiment of Zegeye et al. (1999) also did not revealed the relationship between the exon 8 HaeIII polymorphism and the milk production. They analysed, using the grand-daughter design, 5 RFLPs within BTN as markers for milk yield and composition. The only one significant association found in their study was between the intronic polymorphism and the milk protein percentage.
The growth hormone receptor, belonging to the somatptropic axis, is considered to have a major effect on both milk and the growth performance in cattle. The sequence variations within the regulatory region of GHR were shown to be associated with milk production (Aggrey et al., 1998 (Aggrey et al., , 1999 . It was also found that the T → A mutation in exon 8 resulting in Phe → Tyr amino acid substitution influences milk yield and composition (Blott et al., 2003) .
In this study, the AluI polymorphism in exon 10 has been examined. The S allele was shown to occur with the much higher frequency (0.85) than the G allele (0.15). That not necessarily means that the G variant is eliminated by selection for the milk production, as the similar frequency of 0.22 was obtained for the beef Angus breed (Ge et al., 2000) . The association analysis failed to reveal any significant relationship between GHR polymorphism and the bulls' breeding value for milk related traits. However, as in the case of the BTN gene, only two genotypes were compared. Thus, since the statistic analysis was limited, the obtained results are not entirely reliable.
The findings presented in this paper indicate that the analysed here BTN and GHR genes polymorphism is not associated with the milk related traits in cattle. However, the above conclusion should be confirmed in further investigations, taking into consideration all possible genotypes at both loci. The special emphasis should be placed on the potential effect of the BTN polymorphism on the fat content in the milk.
